Introduction {#sec1-1}
============

Thyroid cancer is the most common cancer in endocrine system worldwide. Based on recent data, thyroid cancer is the fifth most common cancer in women. This malignancy accounts for 1.3% of cancer diagnosis with 0.5% of cancer-related mortalities each year. Thyroid cancers include undifferentiated cancers with high mortality, such as anaplastic cancers and differentiated cancers with good prognosis such as papillary thyroid carcinoma and follicular cancer. Differentiated thyroid cancers consists more than 90% of all thyroid cancers (Davis et al., 2015; Tuttle et al., 2014; Jemal et al., 2011).

In recent years incidence of thyroid cancer has increased around the world (Amphlett et al., 2013; Colonna et al., 2015; Jung et al., 2017; Kent et al., 2007). It is predicted that by 2019, papillary thyroid cancer is the third most common cancer in women (Enewold et al., 2009). The fact that the increased incidence of thyroid cancer is caused by the increase in the use of tools such as thyroid sonography or other imaging techniques, or the incidence of thyroid cancer has actually increased for unknown reasons, is not clear. In addition to the increased incidence of small cancers diagnosed during sonography, large cancer incidence has also increased. Despite the early detection of thyroid cancer, the related mortality has increased, too (Dom et al., 2012; Meinhold et al., 2010). Therefore, other factors could be involved. Currently, the known risk factors for thyroid cancer are: a family history of thyroid cancer, history of head and neck radiation in childhood, exposure to ionizing radiation and the use of inadequate or excessive iodine. But none of these can explain the recent increase in the incidence of thyroid cancer. More recently, other factors such as chemical toxins (Borena et al., 2011; Zhao et al., 2012), insulin resistance (Rezzonico et al., 2009), metabolic syndromes, obesity and diabetes (Biondi et al., 2012; Pellegriti et al., 2009), nutritional factors (Jung et al. 2013; Clero et al., 2012), and vitamin D deficiency (Roskies et al., 2012; Stepien et al., 2010), have been proposed as potential risk factors for thyroid cancer.

The role of vitamin D deficiency in the pathogenesis of breast, colon, prostate and pancreatic cancer has been suggested (Deeb et al., 2007). Association between vitamin D and thyroid cancer in humans is not clear, some previous articles have demonstrated the association between Vitamin D deficiency and thyroid cancer (Roskies et al.,2012; Stepien et al., 2010), while other studies have not shown such a relationship (Laney et al., 2010; Jonklaas et al., 2013).

However, studies on the effect of vitamin D on the thyroid cancer are limited. The aim of this study was to investigate the relationship between serum levels of vitamin D and thyroid cancers and assess the role of this parameter as a potential new risk factor in the incidence of thyroid cancer.

Materials and Methods {#sec1-2}
=====================

This case-control study was performed on 85 euthyroid patients with differentiated thyroid carcinoma. Inclusion criteria were: 1) Euthyroidism (normal thyroid function was defined as normal thyroid stimulating hormone \[TSH: 0.4-4.2 mIU/L\], normal free thyroxine \[FT4: 0.8-1.8 ng/dL\] and normal triiodothyronine \[FT3: 2.3-4.2 pg/ml\] levels); 2) thyroid nodules with a size of more than 1 cm; 3) anti-TPO and anti-Tg negative titers (antithyroid peroxidase antibody \< 16 IU/ml and antithyoglobulin \< 100 IU/ml) and 4) malignancy or suspicious for malignancy in FNAB (fine needle aspiration biopsy) based on Bethesda system.

Patients with a history of thyroid disease, patients who were received thyroid drugs at any time, patients with a history of head and neck radiation or thyroid surgery, patients who used contrast over the past 6 months, smokers, patients who were received statins, antihypertensive medications or supplements that contain vitamin D and patients with liver, kidney or neurological disease or advanced psychological disorders that may affect the thyroid function tests, were excluded. Pregnant women or nursing mothers were also excluded from the study. Eighty-five patients with differentiated thyroid Carcinoma (according to FNAB) who lived in iodine-sufficient areas (Delshad et al., 2010), were selected as case group. These patients were evaluated within January 2013 to June 2016 in Zahedan Endocrinology Clinic. In all patients, after thyroidectomy, positive permanent pathology confirmed the diagnosis. For each of the 85 patients of case group, a pair was selected from general population based on matching protocol: they were individually matched according to season, sex, age (±1 year) and BMI (±1) the cases. Thyroid function tests and thyroid ultrasonography were performed in all participants. Thus, 85 healthy euthyroid control participants were chosen with normal thyroid sonography. Individuals with any known acute or chronic illness were excluded. Finally, 85 pairs were obtained considering the above-mentioned inclusion and exclusion criteria. The Zahedan University Ethics Committee for Human Studies approved the protocol (ethical code number: 92-5788). All participants provided informed consent.

Body weight was measured without shoes and with light clothing using digital scale (in kilograms) and height was measured (in centimeters) in standing position without shoes. BMI (Body Mass Index) was calculated using the formula: weight (in kilograms) divided by the square of height (in meters). After 12 hours of fasting, blood samples were collected between 8 to 9 am. All samples were stored at -70 ° C until examination. FT4, FT3 and TSH using immunochemoluminescent assays by an automated analyzer (Diagnostic Products LIAISON, 2011, Italy).

Antithyroidperoxidase (normal range \< 16 U/ml) and antithyroglobulin (normal range \< 100) was measured by immunochemoluminescent assays employing commercial kits (Diagnostic Products LIAISON).FT4, FT3, TSH was measured byimmunochemoluminescent method, using an automatic analyzer (Diagnostic Products LIAISON, 2011, Italy). Thyroid antibodies were measured by immunochemoluminescent and commercial kits (Diagnostic Products LIAISON). 25 hydroxy vitamin D (25 OHD) was measured, using enzyme immunoassay method (EIA) \[immunodiagnostic system; IDS (LTD), UK\]. Values less than 20 ng/ml were considered as vitamin D deficiency (Holick, 2007).

Thyroid sonography was performed for all participants using a 7.5 MHz linear probe by a sinologist (Aloka Co. Ltd., Tokyo, Japan). All patients with nodules more than one centimeters, who were FNAB eligible, were under FNAB. In the control group members there were no nodules with any sizes. All FNAB samples were analyzed by an experienced pathologist. All malignant or suspicious cases, according to the Bethesda system, were included. After thyroidectomy, permanent pathology confirmed the diagnosis.

Statistical analysis {#sec2-1}
--------------------

Continuous variables were presented as mean (standard deviation) and categorical variables as count (percentage). Pair-matched analysis only relies on discordant pairs (exposed case-unexposed control and unexposed case-exposed control) and these involve small counts in our study as the sample size is not large and more importantly the prevalence of exposure is very high (vitamin D deficiency). So the standard conditional logistic regression model required for matched analysis is susceptible to sparse-data bias (Mansournia et al., 2013). Following Greenland et al, we performed penalized conditional logistic regression using a F(2,2) prior for the matched odds ratio (Greenland and Mansournia, 2015; Greenland et al., 2016). The F(2,2) prior encodes the 95% prior odds ratio interval of 1/39 to 39. To apply F(2,2) prior, we augmented the original dataset with two sets of discordant pairs: one containing an exposed case and an unexposed control; the other with an unexposed case and an exposed control where the exposure was vitamin D deficiency (1: 25 OHD \< 20, 0: 25 OHD ≥ 20). Based on Greenland et al suggestion, we presented 95% profile-likelihood confidence intervals for odds ratios along with P-values based on likelihood-ratio tests (Greenland et al., 2016). All analyses were performed using Stata version 12 (Stata Corporation, College Station, TX).

Results {#sec1-3}
=======

Demographic characteristics of the study population are shown in [Table 1](#T1){ref-type="table"}. This survey included 85 patients and 85 matched controls based on season, sex, age (± 1 year) and BMI (± 1). In the group of patients, there were 72 (85%) females and 13 (15%) males. The mean (SD) of age was 31.24 (11.36) in the case group and 31.94 (12.27) in control group. Serum FT4, FT3, TSH, Anti-TPO, Anti-Tg concentrations were in the normal range in both groups and no significant difference was observed between the two groups.

###### 

Clinical and Laboratory Characteristics of Study Subjects[\*](#t1f1){ref-type="table-fn"}

  Variables                    Case group (n=85)   Control group (n=85)
  ---------------------------- ------------------- ----------------------
  Sex (female), n (%)          72 (85)             72 (85)
  Age (years)                  31.24 (11.36)       31.94 (12.27)
  BMI (kg/m^2^)                27.9 (5.7)          27.1 (5.8)
  TSH (mIU/l)                  2.2 (1.1)           2.1 (1.3)
  Ft4 (ng/ml)                  1.1 (0.3)           1.0 (0.2)
  FT3 (pg/ml)                  2.7 (0.7)           2.6 (0.5)
  Anti TPO (IU/mL)             6.3 (4.1)           5.6 (4.7)
  Anti Tg (IU/mL)              27.2 (20.9)         25.4 (27.3)
  25 OHD (ng/ml)               8.0 (3.7)           13.4 (7.9)
  Vitamin D deficiency, n(%)   30 (100)            25 (83.3)

Mean (SD), except where otherwise indicated; BMI, body mass index; TSH, thyroid stimulating hormone; FT4, free thyroxin; FT3, free triiodothyronin; Anti-TPO, antithyroid peroxidase; Anti-Tg, antithyroglobulin; 25 OHD, 25 hydroxy vitamin D.

The average of vitamin D serum level was 8.0 ± 3.7 ng/ml in the case group and 13.4 ±7.9 ng/ml in the control group (p \<0.001).

The matched [Table 2](#T2){ref-type="table"} shows the distribution of vitamin D deficiency (1: 25 OHD \< 20, 0: 25 OHD ≥ 20) in 85 matched case-control pair. There was a significant association between vitamin D deficiency and differentiated thyroid cancer (penalized OR = (15+1)/(1+1) = 8, 95 % CI: 2.28-50.6; P= 0.006).

###### 

Vitamin D Deficiency (25OHD \< 20 ng/ml) in 85 Patients with Thyroid Carcinoma and 85 Pair-matched Controls

  Case                Control        
  ------------------- --------- ---- ----
  25OHD \< 20 ng/ml   69        15   
  25OHD ≥ 20 ng/ml    1         0    85

Discussion {#sec1-4}
==========

In this study, we investigated the association between serum 25 OHD levels and differentiated thyroid cancer (DTC) in an Iranian population. Our study suggested that higher serum 25 OHD levels were associated with decreased risk of thyroid cancer. As mentioned above, we classified subjects into two groups based on 25OHD value in this study. The odds of DTC in the vitamin D deficient group (serum 25 OHD levels lower than 20 ng/ml) was significantly (8-fold) higher than that of in the subjects with 25OHD levels higher than 20 ng/ml. We note that 95% confidence interval of (2.28-50.6) is a bit wide even after penalization as the number of one type of discordant pair in [Table 2](#T2){ref-type="table"} is very low (1) and the prior F(2,2) is weakly informative as it corresponds to 95% prior odds ratio interval of 1/39 to 39 (Greenland and Mansournia, 2015; Greenland et al., 2016).

The incidence of thyroid cancer has increased in the past decade across the globe (Amphlett et al., 2013; Colonna et al., 2015; Jung et al., 2017; Kent et al., 2007; Enewold et al., 2009; Haggar et al., 2012; Ellison and Wilkins, 2012; Dal Maso et al., 2011). TSH is the main regulator of cell growth and differentiation in thyroid and also is a mitogen on cell cultures and can reduce apoptotic cell death in response to various factors (Rapoport et al., 1998). In our study, serum levels of TSH were in the normal range and there was no significant difference between thyroid cancer patients and healthy control group. Therefore, our results cannot be explained by TSH.

The relationship between serum 25OHD and thyroid cancer has been the subject of some recent studies. We found a positive association between levels of vitamin D and thyroid cancer. The prevalence of Vitamin D deficiency in thyroid cancer patients was more, compared to the control group. Our results are in accordance with previous studies which showed an association between Vitamin D deficiency and thyroid cancer (Roskies et al., 2012; Stepien et al., 2010). But on the other hand, other studies have not reported any association between low levels of vitamin D and differentiated thyroid cancer (Laney et al., 2010; Jonklaas et al., 2013). Some studies have demonstrated the association between Vitamin D deficiency and solid tumors such as colon cancer (Garland et al., 2006), breast cancer (Abbas et al., 2008), and prostate cancer (Ahonen et al., 2000). Anti-cancerous effects of vitamin D, such as increasing apoptosis, stopping the cell cycle, inhibition of proliferation and promoting differentiation and decreasing invasiveness, been identified (Laney et al., 2010; Hansen et al.,2001; Giovannucci, 2008).

Known factors that can affect the serum levels of vitamin D, such as race, BMI, season, autoimmunity and vitamin D supplements was measured in this study and were not different between the two groups. Having a control group without thyroid nodules, thyroid nodules histopathological evaluation, in addition to cytological evaluation, measurement of thyroid antibodies and matching the groups by gender, age, BMI and the season of sampling were the advantages of this study. But this study, was a cross-sectional observation study, therefore a causal relationship between vitamin D deficiency and thyroid cancer cannot be made.

In conclusion, patients with differentiated thyroid cancer have lower serum 25 OHD level. There is an association between vitamin D deficiency and differentiated thyroid cancer. Including larger sample size in a prospective design may improve the strength of future studies. More investigations are required to define the role of this factor in malignant thyroid nodule formation.
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